Carbamazepine is a valuable drug in the treatment of trigeminal neuralgia and temporal lobe epilepsy. Rarely agranulocytosis has been described associated with its use but in this further non-fatal case a new finding of a positive reaction with anti-lymphoid leukaemia anti-serum was seen during the recovery phase.
Introduction
Carbamazepine (5 carbamyl-5H-dibenzazepine) was first used in Europe as an anti-convulsant in 1960. It is an iminostilbene and related to imipramine. By 1963 it had been found, sometimes within hours, to provide relief for between 50 and 90% (Blom, 1963; Spillane, 1964) of patients, with trigeminal neuralgia, in doses of 200-1600 mg daily. After formal validation it became the treatment of choice (Davis, 1969; Crill, 1973) despite occasional reports of liver dysfunction, cutaneous eruptions and neurological symptoms. Many symptomatic side effects could be minimized by initiating treatment in small doses (100-200 mg daily) (Spillane, 1964) and, more recently, attention had turned to its use in other indications such as temporal lobe and grand mal epilepsy (Livingston et al., 1967; Roberts, 1977) .
Despite its undoubted therapeutic value, adverse reactions associated with its use have been noted. Out of 441 such reactions reported in the U.K. since 1964, there have been 11 examples of granulocytopenia, 10 of aplastic anaemia and one each of leucopenia and agranulocytosis (the present case) (Committee on Safety of Medicines, personal communication, 1979) . Deaths have occurred (Donaldson and Graham, 1965; Dyer, Hughes and Jenkins, 1966; Saleh and Mendes de Leon, 1968; Fellows, 1969) and collective experience has suggested that withdrawal of the drug may be necessary in up to 19 % of cases treated. However, it should be added that a causative role has not been unequivocally established largely through a paucity of pre-treatment or pre-crisis haematological data (Livingston, Pauli and Pruce, 1978) . The authors would like to summarize existing reports and add another case brought to their attention where unusual marrow cell markers were seen during recovery from agranulocytosis.
Case report
A 61-year-old builder gave a 9-year history of headache originally localized behind the right ear over recent months affecting the whole of the right side of the head. Attacks usually occurred in the mornings, could last up to several hours, were sometimes initiated by draughts and the pain which was non-pulsatile would feel superficial extending from behind the right ear to above the right eye. There was no family history of migrane other than in the wife and daughter. There was no history of scalp tenderness, photophobia, hyperaesthesia, fortification figures or vomiting and therapeutic trials of cafergot, clonidine and paracetamol had failed. Although the cervical spine showed some degenerative changes radiologically, it appeared normal to clinical examination and the pain was unaffected by manipulation.
Carbamazepine was introduced gradually to a dose of 200 mg 3 times/day, and the pain resolved, but within 4 weeks there was nersistent cnuiih followed 2 weeks later by malaise, fever and oral candidiasis. The dose was reduced but symptoms persisted and, following default from out-patient follow-up, the patient was admitted urgently and found to be severely ill and suffering from toxic confusion, malaise and a sore throat. Apart from oral candidiasis and fever (39 5°C) there were no abnormal physical findings.
Laboratory investigations
The WCC immediately before treatment was 9 6 x 109/l. After 48 days of treatment it was found to be 1 3 x 109/l (0% neutrophils, 970% lymphocytes, 2% monocytes), Hb 12-8 g/dl, red cell count 4-48 x 1012/1, platelets 196 x 109/l and ESR 45 mm/hr. Liver function tests were normal. Marrow aspirated from the posterior iliac crest at presentation was extremely hypocellular and a severely depressed myelopoiesis was represented by only occasional myeloblasts and promyelocytes. The myeloid: erythroid (M:E) ratio was 1:10. A second marrow aspirated 2 days after admission was still hypocellular but myelopoiesis was recovering with a M:E ratio of 1: 1 and some myelocytes present; there were 24% lymphoid cells. This marrow was sent for membrane immunological tests and 2000 of the cells present were found to react positively with anti-acute lymphoid leukaemia anti-serum (Anti-ALL). Clinical recovery was rapid and the last marrow tested 4 weeks after presentation was within normal limits. Morphologically, there was no excess of blast cells and immunological studies with anti-ALL antisera were negative.
Active treatment included 2 white cell transfusions, daily doses of prednisolone 30 mg, fluoxymesterone 10 mg, ampicillin 1 g, and amphotericin lozenges sucked continuously. Six days after discontinuing carbamazepine a normal differential was established and by 8 days the total WCC rebounded to 27 x 109/l with 170% myelocytes in the circulating blood. Two weeks later both total count and differential were normal, the patient having been discharged. Within 6 weeks the headaches had returned.
Discussion
Although the pharmacology and side effects of carbamazepine have been reviewed (Livingston et al., 1967; Crill, 1973) , a mechanism leading to agranulocytosis is not described. It can occur after different periods of exposure, is unpredictable, not clearly related to the total dose consumed (Table 1) and appears to be an idiosyncratic response. However, statistical analysis (Sign test) (Killain, 1969) and observations in other series (Killain and Fromm, 1968; Al-Ubaidy and Nally, 1976) reveal significant leucopenia in the early weeks of treatment. Other reports include, dose-related leucopenia (Davis, 1969; Al-Ubaidy and Nally, 1976) and a chronic leucopenia (1700-3000 cells/mm3) which can be reversed even after one year by discontinuation or reduction of the dose (Killain, 1969) . These features raise the alternative possibility of direct toxicity; however, occasionally (Killain, 1969) a mild leucopenia has resolved spontaneously without withdrawal of the drug.
In the severe reactions, some evidence suggests an immunologically based reaction in that they have occurred after previous exposure to the drug or in association with diphenylhydantoin sensitivity. Post-mortem findings also include thymic enlargement (Donaldson and Graham, 1965 ) and a transient eosinophilia has been reported in 24% of 71 cases (Davis, 1969) . Skin rashes are frequent and the onset of agranulocytosis can be abrupt and progress even after withdrawal of the drug. Incidentally, neither this patient nor one other in the literature exhibited antileucocyte antibodies.
Age may be significant for, although early thoughts related toxicity to total dosage consumed, the mean total dose used in an epileptic series was 363 g (Livingston et al., 1967) and more than the 180 g consumed in fatal cases (Donaldson and Graham, 1965; Dyer et al., 1966) treated for trigeminal neuralgia. The mean age in 2 populations being treated for trigeminal neuralgia (the group tending to have most of the serious complications was >60 years (Donaldson and Graham, 1965; Davis, 1969) as opposed to 18 2 years for the epileptic population (Livingston et al., 1967) in which significant haematological problems were not recorded. Similarly, no difficulties have been encountered amongst 61 children being treated for epilepsy for between one and 5 years (Rutman, 1977) . Unfortunately, the total number of patients exposed to the drug in these 2 age groups is unknown.
The finding of ALL-positive cells has not previously been reported in this situation. There was no morphological evidence of acute lymphoblastic leukaemia and the ALL-positive cells disappeared as the patient recovered. The authors assume that the ALL antigen was present on the 'Iymphoid' populations of cells which were reported to be present (24%) in the marrow. Cells which are morphologically similar to lymphocytes have been shown to bear the ALL antigen (Greaves et al., 1979) .
Anti-ALL serum is raised in rabbits against viable lymphoblasts (Greaves et al., 1975) . This serum also reacts with cells from patients suffering a lymphoid blast crisis in chronic myeloid leukaemia (Janossy, Roberts and Greaves, 1976) . The anti-ALL serum was originally designed as a leukaemiaspecific probe but cells which react with anti-ALL serum are regularly found in fetal tissues (Greaves et al., 1978) , in the marrows of patients recovering from chemotherapy and in the present case in a marrow recovering from drug-induced neutropenia. Thus there is the increasing evidence that the ALL antigen is not a leukaemia-specific antigen and that an immunologically similar antigen is present in a normal population of cells (Greaves et al., 1980 
